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Introduction:  Arthroscopic  treatment  of acute  grade  3 and  4  acromioclavicular  dislocation  is  controversial,
due to the  risk  of recurrence  and  of  postoperative  reduction  defect.  The  purpose  of  the  present  study  was
to investigate  whether  the  healing  of the  acromioclavicular  (AC)  and  coracoclavicular  (CC)  ligaments
and  the  accurate  3D  positioning  parameters  of the  AC joint  using  MRI were  correlated  with  satisfactory
functional  outcome.
Material: Thirty-nine  patients  were  enrolled  from  2009  to 2011  and  managed  arthroscopically  by  CC
lacing  using  a double-button  device.
Methods:  Clinical  assessment  included  the  Shoulder  and  Hand  (QuickDash)  score, Constant-Murley  score
and visual  analog  scale  (VAS)  for residual  pain.  Time  and  rate  to return  to  work  and  return  to  sport  were
assessed  according  to type  of sport  and  work.  Postoperative  complications  were  recorded.  Radiological
examination  consisted  of anteroposterior  clavicle  and  lateral  axillary  radiographs.  AC  ligament  healing
and 3D joint  congruency  were  assessed  on  MRI  and  correlated  to the  clinical  results.
Results:  Mean  patient  age  was  35.7 years  (range,  20–55).  Mean  follow-up  was  42.3  ±  10.6  months  (range,
24–60).  At  ﬁnal  follow-up,  mean  QuickDash  score,  Constant  score  and  VAS  were  respectively  1.7 ±  4
(range,  0–11),  94.7  ±  7.3  (range,  82–100)  and  0.5  ±  1.4  (range,  0–2).  Thirty-ﬁve  (90%)  patients  were  able
to  resume  work,  including  heavy  manual  labor,  and  sport.  Radiology  found  accurate  3D  joint  congruency
in  34  patients  (87%)  and CC and  AC  ligament  healing  in  36 (93%).  Complications  included  reduction  loss
at  6 weeks  in 3 patients,  requiring  surgical  stabilization.  Satisfactory  functional  results  were  associated
with  accurate  AC joint  congruency  in  the  coronal  and  axial  planes  (P < 0.05)  and  good  AC  and  CC  ligament
healing  (P  <  0.04).  An  initial  25% reduction  defect  in the  coronal  plane  was  not  associated  with  poor
functional  results  (P = 0.07).
Conclusion:  Arthroscopic  treatment  by CC  lacing  satisfactorily  restored  ligament  and  joint  anatomy  in
the  present  series.  These  satisfactory  anatomic  results  correlated  with  good  clinical  outcome  encourage
continuing  with  this  technique.
Level  of evidence:  Level  IV, therapeutic  case  series.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author. Tel.: +33 6 19 53 52 07; fax: +33 1 42 17 70 53.
E-mail address: philippeloriaut@hotmail.com (P. Loriaut).
http://dx.doi.org/10.1016/j.otsr.2015.09.024
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.1. Introduction
Acromioclavicular (AC) dislocation is a very common shoulder
injury. Incidence is 1.8 per 10,000 per year [1]. Several classiﬁcation
systems have been proposed to describe AC dislocation morphol-
ogy. The Allman and Tossy and Rockwood classiﬁcations are the
most common ones [2,3]. These classiﬁcations, initially based on
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lain radiographs, were recently updated with magnetic resonance
maging (MRI). Thus, MRI  provides better imaging of AC joint struc-
ures and of AC and coracoclavicular (CC) ligament injuries [4–7].
The surgical treatment of acute type 3 and 4 AC dislocation is still
ontroversial [8–12]. Several open surgical techniques for ﬁxation
ave been described, but most are associated with complications
uch as infection, correction loss or implant migration [13–18].
Recently, arthroscopic techniques have been successfully pro-
osed to treat AC joint instability [19–22]. However, despite
etter understanding of AC pathophysiology and continuous
mprovement in surgical management, current techniques remain
ssociated with many signiﬁcant complications [23]. Some authors
eported under-correction leading to loss of congruency and resid-
al horizontal and vertical instability [24,25]. To date, routine
adiographs remain the most widespread method of assessment
f AC dislocation treatment; only a few studies used MRI, and only
or diagnostic purposes.
The purpose of the present study was to assess clinical and
RI  outcome of arthroscopically assisted treatment of acute type 3
nd 4 AC dislocation using a double button (TightRopeTM: Arthrex;
aples, FL) at a minimum follow-up of two years. The hypothesis
as that this technique could be effective, providing satisfactory
unctional outcome correlated with AC and CC ligament healing
nd accurate AC joint congruency.
. Material and methods
Eighty-seven patients diagnosed with acute AC dislocation were
reated in our department between January 2009 and October
011. Data were recorded prospectively and then analyzed ret-
ospectively by an independent observer. Patient records were
eviewed for the following inclusion criteria: patient aged 18 to
0 years, with radiological evidence of isolated Rockwood type 3
r 4 acute AC dislocations, receiving arthroscopically assisted ﬁxa-
ion using a double button device (TightRopeTM: Arthrex; Naples,
L) and with minimum follow-up of two years. Patients with other
islocation types (1, 2 or 5), with associated rotator cuff, labral,
lenohumeral or biceps tendon injury diagnosed during the arthro-
copic procedure or with incomplete evaluation at ﬁnal follow-up
ere excluded. This series has some patients in common with that
f Cohen et al. [19].
ig. 1. A: The base of the coracoid process was cleaned using a radiofrequency ablator; B: A
f  the base of the coracoid process; C: A 2 mm K-wire was  inserted through the guide, wh
rocess;  D: The TightRopeTM system was  then inserted through the tunnels using a wire  Surgery & Research 101 (2015) 895–901
2.1. Surgical technique
The surgical procedures were performed by a single senior
orthopedic surgeon. The patient was  placed in the beach chair
position, without any traction, and operated on under general anes-
thesia. First, a posterior portal was  created for joint exploration.
Then, an anterior working portal was  created using an outside-
in technique. A ﬁnger depressed the skin to identify the rotator
interval. A spinal anesthesia needle was  then used to locate the cor-
rect position for skin incision. The subscapularis bursa was  resected
using a radiofrequency ablator until the base of the coracoid pro-
cess could be visualized (Fig. 1A). A drill guide (Arthrex; Naples, FL)
was introduced by the anterior portal and centered on the under-
surface of the base of the coracoid process (Fig. 1B). A 3 cm incision
was made over the clavicle and the drill guide was positioned in the
center of the clavicle. Good positioning is critical because an anteri-
orly or posteriorly placed tunnel may  break through the remaining
cortex of the clavicle and lead to implant loosening or loss. Using
arthroscopy, ﬂuoroscopy and the guide, a 2 mm K-wire was  inserted
from the clavicle toward the coracoid, and a 4 mm hole was  cre-
ated following the K-wire through the clavicle and the coracoid
process with a cannulated drill, with 4 passages through the cor-
tex (Fig. 1C). The K-wire was withdrawn, leaving the drill in place,
and replaced by a guide, which was retrieved through the ante-
rior portal. The TightRopeTM system (Arthrex; Naples, FL) was then
inserted through the tunnels using a wire passer through the can-
nulated mesh, from the clavicle to the coracoid, and the button
was ﬂipped so as to ﬁx under the surface of the coracoid process
(Fig. 1D). Finally, the dislocation was reduced under ﬂuoroscopic
visualization with a downward pressure on the proximal fragment
of the clavicle, associating a shoulder abduction maneuver to help
reduction. The sutures were then tightened and tied at the clavi-
cle. Fluoroscopic control was performed to conﬁrm reduction of the
joint and positioning of the implants.
2.2. Postoperative rehabilitationPatients were given a standard surgical corset immediately after
surgery. Passive range of motion and pendulum exercises were
started one week postoperatively, and conducted over a period of
six weeks. Then the corset was  removed and patients started active
 drill guide was introduced by the anterior portal and centered on the undersurface
ich was  withdrawn and replaced by a 4 mm drill through the clavicle and coracoid
passer, and the button was  ﬂipped to ﬁx under the surface of the coracoid process.
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ange of motion and strength exercises. They were told to abstain
rom lifting, carrying, pushing and pulling on the operated side for
 period of three months after the surgery.
.3. Clinical and radiological assessment
Clinical assessment included the following data: demographics,
ause of injury, associated injuries, handedness, time to surgery,
nd range of motion. The Shoulder and Hand (QuickDash) [26] and
onstant-Murley score [27] and visual analog pain scale (VAS) were
ompleted at ﬁnal follow-up. Values were reported to one decimal
lace. Type of sport activity was classiﬁed according to Allain [28];
ccupation was categorized as sedentary, clerical, light manual or
eavy manual.
Time to and rate of return to work and to sport were also
ssessed, as well as global satisfaction with surgery: “satisﬁed” or
not satisﬁed”.
Radiological examination consisted of bilateral X-ray and lateral
xillary radiographs. Dislocations were graded according to the
ockwood classiﬁcation. [2].
Postoperative complications or failure were recorded: implant
reakage, secondary displacement, infection, clavicle erosion, CC
igament ossiﬁcation or early AC arthropathy. Clinical and radio-
ogical follow-up was performed at 1 week, 6 weeks, 3 months,
 months and then every 6 months postoperatively until ﬁnal
ollow-up.
MRI  assessment of the operated shoulder was  performed at 3
nd 24 months’ follow-up. Patient positioning during MRI  was  stan-
ardized: supine, arm along the body with elbow in extension.
1-weighted fast spin echo (TR 560; TE 12) and fat-saturated T2-
eighted gradient echo (TR 2920; TE 70) sequences were acquired
ith a 1.5 T Signa HDx apparatus (GE Healthcare). The other MRI
arameters were: ﬁeld of view 160 mm,  matrix size 320 × 256 or
56 × 512, and 4 mm section thickness. Images were transferred
o a PACS workstation. Two radiologists specialized in osteoarti-
ular pathology assessed the images blinded to clinical outcome,
aving undergone prior dedicated training sessions to familiar-
ze themselves with the measurement methods and classiﬁcations.
easurements were made using the digitized tools of the PACS sys-
em, Impax (Agfa, Gevaert N.V), and repeated at a 2 week interval.
nterobserver and intraobserver reliability were evaluated.
Persistent superior displacement in the coronal oblique view
r posterior displacement in the axial view were quantiﬁed as
ercentage translation of the anterolateral edge of the clavicle in
elation to the anteromedial edge of the acromion and classiﬁed
n ﬁve categories: zero, 25%, 50%, 75% or 100% displacement. Any
yper-reduction was also noted.
Fig. 2. A and B. Postoperative AP and axillary radiograph at two  years’ follow Surgery & Research 101 (2015) 895–901 897
AC and CC ligament healing was deﬁned as the formation of
continuous scar tissue, and was assessed on sagittal oblique and
coronal oblique images. AC osteoarthritis, CC ligament calciﬁcation,
subacromial bursitis or rotator cuff tear were also noted.
2.4. Statistical analysis
Calculations and the statistical analysis were done using SPSS for
Windows (Version 20; SPSS Inc., Chicago, Illinois). Mann-Whitney
U test was performed for qualitative variables (satisfaction, dissat-
isfaction), and Fisher’s exact test for quantitative variables. A P value
of < 0.05 was considered to be signiﬁcant. The intra- and interob-
server reliability values were calculated using Cohen’s weighted
kappa and strength of agreement was  interpreted according to the
criteria of Landis and Koch.
Informed consent was  obtained from all patients according to
the Declaration of Helsinki. The IRB classiﬁed the study as “standard
care”.
3. Results
Forty-eight patients were excluded from the study: 40 with
other dislocation types and 5 with type 3 or 4 AC dislocation and
associated shoulder injury (4 rotator cuff injuries and one labral
tear requiring arthroscopic repair). Three of the 42 patients with
isolated type 3 or 4 AC dislocation didn’t have sufﬁcient follow-up.
Thus, outcome was determined for 39 patients (26 male and 13
female).
Mean age was 35.7 years (range 20–55). Trafﬁc accidents (n = 21)
were the predominant cause of injury, followed by sport injuries
(n = 15) and other trauma (n = 3). The dominant arm was affected
in 31 patients. All but 4 patients had recreational sport activities;
the distribution of sport activities was: G1, 11%; G2, 34%; G3, 40%;
and G4, 15%. The distribution of occupations was: sedentary, 21%;
clerical, 15%; light manual, 23%; and heavy manual, 41%. Mean
follow-up was  42.3 ± 10.6 months (range, 24–60). According to the
Rockwood classiﬁcation, there were 28 type 3 and 11 type 4 dis-
locations. Mean time to surgery was  3 days (range, 1–10). Mean
operative time was 40 min  (range, 30–80).
At ﬁnal follow-up, mean QuickDash score, Constant score and
VAS were respectively 1.7 ± 4 (range, 0–11), 94.7 ± 7.3 (range,
82–100) and 0.5 ± 1.4 (range, 0–2).
Thirty-ﬁve patients (90%) showed complete functional recovery
with full range of motion and pain relief. Patients with seden-
tary, clerical and light manual jobs returned to work at a mean
11 weeks and those with heavy manual jobs at a mean 20 weeks.
Three patients (heavy manual) were unable to resume previous
work. One patient was retired. Thirty-four patients resumed their
-up, showing a complete reduction of a Rockwood type 4 dislocation.
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ecreational sport activities, at a mean 21 weeks: 30 at the same
evel as before trauma and 4 at a lower level. Thirty-ﬁve patients
ere satisﬁed with the cosmetic appearance and functional
utcome.
Immediate postoperative radiographs showed an accurate AC
eduction in 37 patients (Figs. 2A and B). Two patients with type
 dislocation presented initial 25% lack of reduction on AP view.
here was no AC hyper-reduction or coracoid process fracture.
Despite complete initial reduction, 3 patients presented recur-
ence, at a mean 6 weeks postoperatively, due to implant failure in
 patient and tunnel misplacement in 2 patients (Figs. 3A and 3B).
wing to persistent functional discomfort, these patients under-
ent surgical revision at 6 months, with arthroscopic AC joint
ugmentation with transacromial gracilis tendon loop associated
o synthetic ligament stabilization (GraftRope, Arthrex, Naples, FL,
SA).
No hardware-related discomfort was reported, except for 1
atient, in whom material was removed.
At the 24 months follow-up, MRI  conﬁrmed accurate 3D joint
ongruency in 34 patients (87%) (Figs. 4A and B) and 25% lack of
eduction on coronal view in 2 patients (Figs. 5A and B). Overall
nter- and intraobserver variability kappa values were 0.81 and
.85, respectively, indicating very good agreement.
MRI  found anatomic AC and CC ligament tissue healing. Scar
issue was found in 36 patients (93%) (Figs. 6A, B and C).At ﬁnal follow-up, no AC osteoarthritis was reported. CC-
igament calciﬁcation was visible in 4 patients. There was no
mplant migration or bone resorption. Two patients developed sub-
cromial bursitis and symptomatic supraspinatus tears.
ig. 3. A and B. Postoperative radiograph showing implant failure with secondary dis
on-healing of the AC ligaments. Surgery & Research 101 (2015) 895–901
In summary, postoperative complications were reported in 6
patients: 1 implant failure, 2 tunnel misplacements, 1 implant
removal due to discomfort, and 2 cases of subacromial bursitis
associated with supraspinatus tear.
3.1. Statistical analysis
Satisfactory functional results were associated with accurate
acromioclavicular joint (ACJ) congruency in the coronal and axial
planes (P < 0.05) and with good AC and CC ligament healing
(P < 0.04).
Initial 25% lack of reduction on coronal view was not associated
with poor functional results or dissatisfaction (P = 0.07).
CC ligament calciﬁcation was  not associated with poor func-
tional outcome (P = 0.09).
4. Discussion
The main ﬁnding of this study was that arthroscopic stabiliza-
tion of type 3 and 4 acute AC dislocation achieves satisfactory
outcome, associated with accurate AC congruency and ligament
healing. Patient satisfaction and functional recovery rates were
high and the complications rate was  acceptable.
Several techniques for ﬁxation of AC dislocations have been
described. However, most techniques (coracoacromial ligament
transfer, hook plate ﬁxation, wire ﬁxation, suture or screw ﬁxa-
tion) do not restore the AC joint anatomically, and are associated
with many complications [13–18].
placement. Coronal T2 FS MR image at 3 months showing lack of reduction and
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More recent techniques have focused on anatomic CC ligament
econstruction, such as the TightRopeTM device technique [19–22].
n this procedure, the CC ligaments are expected to heal along the
ightrope, providing guided healing. Restoring accurate AC joint
ongruency, the AC and CC ligament remnants are brought into
ontact to facilitate healing.
Furthermore, this arthroscopic procedure required no hard-
are removal in most cases and allowed treatment of concomitant
houlder injuries in the same step [29].
Our ﬁndings are consistent with several authors reporting sat-
sfactory functional outcome using the same technique and same
evice [30–32].
Some authors observed recurrent posterior or superior displace-
ent of the clavicle after a procedure for type 3 or 4 dislocation
sing this technique. They reported good functional outcome
espite partial loss of reduction [21] or partial initial lack of reduc-
ion [33]. In the present study, an 25% initial lack of reduction on
oronal view was not predictive of poor functional outcome.
In the present series, no posterior secondary displacement or
ack of reduction was observed in type 4 dislocations. To the best
f our knowledge, no persistent posterior or superior instability
as associated with poor functional outcome using this procedure
or type 3 and 4 dislocations in previous studies. Gerhardt showed
hat loss of reduction or initial lack of reduction was responsible
or persistent posterior instability and poorer clinical results only
n high-grade type 5 dislocation [24].
According to Andreani et al., comparing the results of two tech-
iques (TightRopeTM and hook plate), mean Constant score was
Fig. 5. A and B. Incomplete reduction of a type 3 dislocation (2g accurate reduction of the type 4 dislocation in both coronal and axial planes.
signiﬁcantly higher in the TightRopeTM group. Two the ﬁxation
system breakages were reported. [34].
According to Jensen et al., in a study comparing techniques using
hook plate (HP) versus TightRopeTM (TR) in a series of 56 patients,
63% of the patients in the HP group had hypertrophic scars. 46% of
the TR group reported mild pain and paresthesia over the clavicu-
lar buttons. Four CC ligament calciﬁcations were reported in each
group. AC arthropathy was  found in 28% of the patients in the HP
group and 19% in the TR group. 12% of the patients required revi-
sion surgery due to recurrent vertical and horizontal instability in
the TR group. In the HP group, 13% required revision surgery for
posttraumatic stiffness [35].
Horst et al. compared the TightRopeTM technique (TR) to K-wire
(KW) ﬁxation in a series of 41 patients with type ≥ 3 AC joint dislo-
cation. The TR technique was  associated with shorter surgery time
and lower costs.
Material costs were signiﬁcantly higher for using the TR tech-
nique, but patients were discharged earlier.
In the TR group, there was early loss of reduction in 1 patient
and delayed wound healing in 2. In the KW group, there was  screw
migration in 4 patients, early reduction loss in 1, and impingement
syndrome in 1 [36].
According to Scheibel et al., recurrent partial vertical insta-
bility was not associated with poorer clinical results. However,
patients with recurrent horizontal instability did present signif-
icantly poorer results. It was concluded that the TightRopeTM
technique provides sufﬁcient biomechanical stability at time zero
but, in some cases, the healing potential of the ligaments seems to
5%) in the coronal view, with ligament healing achieved.
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e limited, and anatomic scar formation was not always possible,
o that reduction depended on the implant, leading to failure either
y initial migration or by suture breakage [37].
Di Francesco was the ﬁrst to report clinical and MRI  results for
urgical treatment of type III and V AC dislocation using hook
late [38]. In a series of 42 patients, acceptable joint alignment was
chieved in all cases after surgery; 1 year after plate removal, a
2% rate of dislocation recurrence was reported. MRI  showed CC
igament healing in the remaining cases (88%) [38].
The present study has some strong points. To the best of our
nowledge, it is the ﬁrst prospective study to investigate arthro-
copic treatment of type 3 and 4 acute AC dislocation using the
ightRopeTM system, with medium-term clinical (clinical scores)
nd radiologic follow-up AC joint position on MRI, and ligament
ealing), with good correlation between clinical and radiological
esults. It has also some limitations: the absence of a control group
nd relatively small number of cases.
The clinical interest of this study lies in the ﬁnding that the
echnique can be used as a ﬁrst-choice method for the surgical
reatment of acute type 3 and 4 AC dislocation, as it provides a
atisfactory functional outcome and allows treatment of associated
esions in the same step, without requiring later hardware removal.
. ConclusionsThe present study demonstrated that arthroscopic treatment
sing a double button device provides satisfactory functional out-
ome associated with good AC ligament healing and accurate ACJ
ongruency in patients with acute type 3 and 4 AC dislocation.
[S images showing healing of the AC and CC ligaments.
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